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ABSTRACT

A controlled vehicle 1s provided that detects the presence of
an emergency vehicle by monitoring the trajectories of
vehicles that are sharing the road with the controlled vehicle.
The controlled vehicle may determine that the trajectory of
cach of the monitored vehicles follows the same predeter-
mined pattern. Based on detecting the predetermined pattern
in the behavior of the monitored vehicles, the controlled
vehicle may deduce that an emergency vehicle 1s present in
the vicinity of the monitored vehicles and/or the controlled
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LEVERAGING OF BEHAVIOR OF VEHICLES
TO DETECT LIKELY PRESENCE OF AN
EMERGENCY VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 13/678,072, filed Nov. 15, 2012, the
disclosure of which 1s incorporated herein by reference.

BACKGROUND

Smart vehicles rely on computing systems to aid in the
transport of passengers. The computing systems may control
the operation of various vehicle systems, such as braking,
steering, and acceleration systems, and they may be used to
guide the autonomous vehicles from one location to another.
Autonomous vehicles use various computing systems to
select the fastest route to their travel destination, avoid
obstacles, and otherwise operate 1n a safe and dependable
mannet.

SUMMARY

In one aspect, a method 1s provided that includes 1dentify-
ing a first vehicle that i1s travelling on a same road as a
controlled vehicle and identifying a second vehicle that 1s
travelling on the same road as the controlled vehicle. The
method further includes tracking the first vehicle to determine
a first trajectory of the first vehicle and tracking the second
vehicle to determine a second trajectory of the second
vehicle. The method further includes comparing, by a proces-
sor, the first trajectory to the second trajectory to determine
whether the first trajectory and the second trajectory match,
wherein two trajectories match when both have a similar
shape, determining, based on a match between the first tra-
jectory and the second trajectory, that an emergency vehicle1s
present on the road, and changing a state of a vehicle system
of the controlled vehicle 1n response to determining that the
emergency vehicle 1s present on the road. In some 1nstances,

the first vehicle and the second vehicle may further be part of

traific that 1s oncoming to the first vehicle. In other instances,
the first vehicle and the second vehicle may further be located
behind the controlled vehicle.

Comparing the first trajectory to the second trajectory may
turther include determining, based on the first trajectory, that
the first vehicle changed lanes at a first time 1nstant, deter-
mimng, based on the second trajectory, that the second
vehicle changed lanes at a second time 1nstant, determiming a
time difference between the first time 1nstant and the second
time 1nstant, and determining that the first trajectory matches
the second trajectory based on the time difference being less
than a predetermined threshold. As another example, com-
paring the first trajectory to the second trajectory may further
include determining a similarity between a shape of the first
trajectory and the shape of the second trajectory.

Comparing the first trajectory to the second trajectory may
turther include determining, based on the first trajectory, that
the first vehicle left a first lane on the road at a first time
instant, determining, based on the second trajectory, that the
second vehicle left the first lane at a second time 1instant,
determining a duration of a time interval between the first
time 1nstant and the second time 1nstant, and determining that
the first trajectory matches the second trajectory based on the
duration of the time interval being less than a predetermined
threshold. In some instances, the predetermined threshold
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2

may be determined based on a distance between the first
vehicle and the second vehicle.

In yet another aspect, a method 1s provided that includes
identifving a first vehicle that 1s travelling on a same road as
the controlled vehicle, 1dentifying a second vehicle that 1s
travelling on the same road as the controlled vehicle, identi-
tying a first set of one or more actions performed by the first
vehicle, 1dentifying a second set of one or more actions per-
formed by the second vehicle, comparing, by a processor, the
first set to the second set to determine whether the first set and
the second set match, determining, based on a match between
the first set and the second set, wherein two sets match when
both include similar actions, that an emergency vehicle 1s
present on the road, and changing a state of a vehicle system
of the controlled vehicle 1n response to determining that the
emergency vehicle 1s present on the road.

The actions performed by the first vehicle may include one
or more of stopping, accelerating, decelerating, changing
lanes, and activating a blinker. The first set may further
include a first action and a second action and the second set
may further include a third action and a fourth action. The
method may further include determining that the first set
matches the second set based on the first action and the second
action having been performed 1n the same relative order as the
third action and the fourth action. The method may further
include, determining that the first vehicle performed a first
action, determining that the second vehicle performed a sec-
ond action that 1s of the same type as the first action, and
determining that the first set matches that second set based on
the first action being of the same type as the second action.

The method may further include determining that the first
vehicle performed a first action at a first time instant, deter-
mining that the second vehicle performed a second action at
a second time instant, and determining that the first set
matches the second set based on the duration of a time 1nterval
between the first time instant and the second time instant
being less than a threshold. In one 1nstance, the method may
turther include determining the threshold based on a distance
between the first vehicle and the second vehicle. In another
instance, the method may further include determining the
threshold based on at least one of a speed of the first vehicle
and speed of the second vehicle. The first action may further
be of the same type as the second action.

The method may further include determining a first dis-
tance between the first vehicle and the controlled vehicle,
determining a second distance between the second vehicle
and the controlled vehicle, and determining a third distance
between a third vehicle and the controlled vehicle. The
method may further include 1dentifying a first action per-
tformed by the first vehicle, identifying a second action per-
tormed by the second vehicle, and identifying a third action
performed by the third vehicle. The method may further
include determining that the first set matches the second set
based on the first action, the second action, and the third
action being performed in an order that corresponds to the
relative lengths of the first, second, and third distances.

In yet another aspect, a method 1s provided that includes
identifying a plurality of vehicles that share a road with a
controlled vehicle, monitoring actions performed by each one
of the plurality of vehicles, and identifying a similarity 1n the
actions performed by each one of the plurality of vehicles,
determining, by a processor, based on the similarity being
identified, that an emergency vehicle 1s present on the road,
and changing a state of a vehicle system of the controlled
vehicle 1 response to determining that the emergency vehicle
1s present on the road.
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The monitored vehicles may further be located behind the
controlled vehicle. In other instances, the controlled vehicle
may be travelling in a first direction, and the monitored
vehicles may be travelling 1n a direction opposite to the first
direction. In yet other istances, the monitored vehicles may
be located 1in front of the controlled vehicle. In another
example, the method also includes recerving data from a
microphone and determining, by the processor, that an emer-
gency vehicle 1s present on the road is further based on the
received data from the microphone.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 depicts a side view of a controlled vehicle 1n accor-
dance with aspects of the disclosure.

FIG. 2A depicts a schematic diagram of the vehicle of FIG.
1 in operation.

FIG. 2B depicts schematic diagrams of trajectories trav-
clled by vehicles that share a road with the controlled vehicle
of FIG. 1.

FIG. 3 depicts a schematic diagram of the controlled
vehicle of FIG. 1.

FI1G. 4 depicts a schematic diagram of a vehicle control unit

of the controlled vehicle of FIG. 1.

FIG. 5 depicts a tabular representation of the of a vehicle
that shares the road with the controlled vehicle of FIG. 1.

FIG. 6 depicts a tflowchart of a process associated with the
operation of the controlled vehicle of FIG. 1.

FI1G. 7 depicts a flowchart of a process associated with FIG.
6.

FIG. 8 depicts a flowchart of another process associated
with FIG. 6.

FI1G. 9 depicts a tlowchart of yet another process associated
with FIG. 6.

DETAILED DESCRIPTION

In one aspect, a controlled vehicle 1s provided that detects
the presence of an emergency vehicle by monitoring the
behavior of vehicles that are sharing the road with the con-
trolled vehicle. The emergency vehicle may be a police car,
fire truck, an ambulance, or any other type of emergency
vehicle. The controlled vehicle may maintain a 360° view of
its surroundings and track the movements of the monitored
vehicles. The tracking may be performed by using a camera,
laser scanner, or another similar device. As a result of the
tracking, the controlled vehicle may determine that the
behavior of each of the monitored vehicles follows the same
predetermined pattern. The controlled vehicle may use the
detection of such predetermined patterns are detected to
deduce that an emergency vehicle 1s present in its vicimty.

For example, 1t may be determined that momitored vehicles
located behind the controlled vehicle are moving to the road’s
shoulder 1n a sequence, with the monitored vehicle that 1s the
turthest away from the controlled vehicle starting first, and
the next furthest vehicle going second, and the second next
turthest vehicle going third, etc. Such a pattern may be the
result of an emergency vehicle approaching from behind the
controlled vehicle thereby causing the monitored vehicles to
move 1nto the road’s shoulder 1n the order 1n which they are
reached by the emergency vehicle. Upon detecting this pat-
tern, the controlled vehicle may deduce that an emergency
vehicle 1s present 1n the vicinity of the controlled vehicle and
may take a responsive action, as necessary. The action may
include, for example, pulling over, changing lanes, or any
other action that 1s deemed desirable.
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In one aspect, the presence of the emergency vehicle may
be detected by observing the behavior of vehicles travelling
behind the controlled vehicle. For example, a predetermined
number of vehicles may be identified that are travelling
behind the controlled vehicle. The trajectories of the vehicles
may be monitored and similarities 1n their trajectories may be
identified. The trajectory of each vehicle may include a plu-
rality of locations travelled by the vehicle. In order for two
trajectories to be considered similar, they should to be com-
posed of similar locations or have similar shapes. When the
trajectories of a predetermined number of vehicles match, this
may be taken as an indication that an emergency vehicle 1s
present on the road.

In another aspect, the presence of an emergency vehicle
may be detected based on a number of monitored vehicles
performing the same or a similar action. The action may be
changing lanes, pulling over, slowing down, speeding up,
braking, switching a blinker on, etc. Two actions may be
considered similar if they happen in close temporal proximity
and/or if they have similar direction (e.g., vehicles moving
from the left lane to the right lane, etc.).

Moreover, 1n yet another aspect, the presence of the emer-
gency vehicle may be detected based on the order in which
similar actions are performed by the monitored vehicles. As
discussed above, when a predetermined number of vehicles
perform similar actions (in a predetermined order), this may
be an indication that an emergency vehicle 1s present on the
road.

In yet another aspect, the emergency vehicle may be
detected using an array of sensors, such as cameras, micro-
phones, or laser scanners. For example, image recognition
techniques may be employed to distinguish emergency
vehicles, such as police cars, fire trucks, or ambulances, from
other vehicles on the road. Alternatively, microphones can be
used to detect emergency vehicles’ sirens. For example, the
microphone may be used to record and identify sounds at
frequencies and patterns known to be used by emergency
vehicles. As yet another alternative, a laser scanner may be
used to obtain 3D representations of vehicles on the road and
those representations may then be compared to known repre-
sentations of emergency vehicles.

FIG. 1 1s a schematic diagram of controlled vehicle 101 1n
accordance with one aspect of the disclosure. Controlled
vehicle 101 may be an autonomous or semi-autonomous
vehicle capable of driving form one point to another without
(or with partial) user input. Although 1n this example con-
trolled wvehicle 101 1s an automobile, 1n various other
examples controlled vehicle 101 may be any type of vehicle
adapted to carry one or more people, such as a truck, motor-
cycle, bus, boat, airplane, helicopter, lawnmower, recre-
ational vehicle, amusement park vehicle, farm equipment,
construction equipment, tram, golf cart, trains, or trolley.

FIG. 2A depicts an example of the operation of the con-
trolled vehicle 101 1n accordance with one aspect of the
disclosure. In this example, controlled vehicle 101 1s travel-
ing on a road 200 together with other vehicles. As 1t travels
down the road, the vehicle 101 selects vehicles 220 and 230
for monitoring. Each of the vehicles 220-230 may be selected
based on a number of criteria. In one aspect the vehicles may
be selected based on being within a threshold distance from
controlled vehicle 101. In another aspect, the vehicles may be
selected based on being within the range of a sensor (e.g.,
camera or laser scanner) on the vehicle 101.

After vehicles 220 and 230 are selected, controlled vehicle
101 may observe and record their trajectories. The trajecto-
ries may be observed and recorded 1n a number of ways. In
one example, controlled vehicle 101 may use a laser scanner
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and 1mage processing software to track the vehicles 220-230.
In another example, curbside sensors may be used on the side
of the road 430 to detect passing vehicles. In yet another
aspect, the vehicles 220-230 may themselves transmit their
geo-location to the controlled vehicle 101. In other words, the
controlled vehicle 101 1s not limited to any particular tech-
nique for tracking other vehicle’s trajectories.

Moreover, 1n some instances, the controlled vehicle 101
may monitor vehicles that are located 1n a specific portion of
the road 200. For example, the controlled vehicle 101 may
track only vehicles that are located behind the vehicle 101.
This may help 1dentity emergency vehicles that are approach-
ing the vehicle 101 from behind.

As another example, the vehicle 101 may monitor only
vehicles that are part of oncoming traffic. Tracking such
vehicles, may help identily emergency-vehicles that are driv-
ing towards the front of the vehicle 101. In any event, by
monitoring vehicles located only 1n a specific portion of the
road 200, the controlled vehicle may save computational
resources while focusing or resolving a specific problem
associated with the detection of emergency vehicles, such as
detecting emergency vehicles that are approaching the con-
trolled vehicle 101 from behind or detecting emergency
vehicles that are part of oncoming traific.

In the example of FIG. 2A, an emergency vehicle 210
approaches the vehicles 220 and 230 from behind and causes
them to change lanes, for example, 1n order to allow the
emergency vehicle to pass sately. The controlled vehicle 101,
as noted, may monitor the trajectories of the vehicles 220 and
230 and detect when the vehicles change lanes during a short
time 1nterval. Based on this, the controlled vehicle may infer
that both vehicles have been prompted by a likely emergency
vehicle approach. After the controlled vehicle 101 has deter-
mined the presence of an emergency vehicle 1n 1ts vicinity, the
controlled vehicle may slow down, pull over in the shoulder
of the road, or perform any other that 1s desirably performed
by drivers when emergency vehicles are present on the road.

FI1G. 2B depict plots of trajectories of vehicles 220 and 230
observed by the controlled vehicle 101. Trajectory 222 of the
vehicle 220 1s depicted as a collection of solid dots. Each solid
dot represents a location passed by the vehicle 220. A location
may be considered passed by the vehicle 220 11 the vehicle
220 either drnives over or through that location or within a
predetermined distance from that location (e.g., 1 meter).
Together all dots in the plot trace out a path traveled by the
vehicle 220. In a similar fashion, trajectory 232 indicates the
path traveled by the vehicle 230. The trajectory 222 indicates
that the vehicle 220 changed lanes when it reached 907 meter
of road 200 at time t.. The trajectory 222 indicates that the
vehicle 220 changed lanes when it reached 150” meter of
road 200 at time t5. In this example, the vehicles 220 and 230
change lanes in the order in which they are reached by the
vehicle 210.

As noted, similarities 1n the behavior of the vehicles 220
and 230 may be used to discern the presence of an emergency
vehicle on the road 200. Thus, 1n one aspect, may the vehicle
101 compare the actions performed by vehicles 1n 1ts vicinity,
such as the vehicles 220 and 230, and 1f the vehicle 101
determines that the other vehicles are performing the same
action (e.g., pulling over on the side of the road to let an
emergency vehicle pass), the vehicle 101 may determine that
an emergency vehicle 1s also present on the road 200. How-
ever, 1n order for this approach to be etfiective, the actions that
are compared should have taken place during a predetermined
time 1nterval. The greater the delay between two actions, the
lower the likelihood that they are caused by the same stimulus
(e.g., the passing of an emergency vehicle). Thus, 1n order for
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the vehicle 101 to detect the presence of an emergency vehicle
on the road 200 by comparing actions performed by other
vehicles on the road, the compared actions should not be too
far removed 1n time from one another.

As 1llustrated 1n FI1G. 2, the vehicle 220 changes lanes at
roughly time=t. and the vehicle 230 changes lanes at time=t,.
The greater the period t-t, the greater the likelihood of the
vehicles 220 and 230 having changed lanes for unrelated
causes. In that regard, 1n some instances, the performance of
a specific action by two or more vehicles that share the road
200 with the controlled vehicle 101 may be indicative of an
emergency vehicle being present in the vicinity of the con-
trolled vehicle 101 only when the time period during which
the action 1s performed by all vehicles (e.g., the time period
t--t5) 1s less than a predetermined threshold. In instances
where the behavior of larger group of vehicles 1s monitored
and used to discern the presence of an emergency vehicle, the
time period during which all compared actions have to be
performed may span between the earliest time an action that
1s being compared 1s performed by one of the monitored
vehicles to the latest time at which another action that 1s being,
compared 1s performed by another one of the vehicles.

In some 1nstances, the threshold may be calculated
dynamically by the controlled vehicle 101. As noted above,
having some delay between the vehicles 220 and 230 chang-
ing lanes may be normal because of some distance existing
between the two vehicles. Furthermore, as noted above,
vehicles may change lanes 1n the order they are reached by an
emergency vehicle coming from behind. Thus, the greater the
distance between two vehicles, the greater the delay between
their changing of lanes. In that regard basing the threshold on
the distance between the vehicles 220 and 230 may help
determine what constitutes a reasonable delay between
actions performed by the vehicles 220 and 230 1n response to
the emergency vehicle 101 approaching. Thus 1n some
instances, the threshold may be calculated by the vehicle 101
based on at least one of a distance between the vehicles 220
and 230. The distance between the vehicles (or the vehicle’s
speeds) may be determined by using a laser scanner or
another similar device.

Moreover, 1n some 1nstances, the order i1n which an action
1s performed by two or more vehicles that share the road with
the controlled vehicle 101 may be relevant with respect to
determining whether an emergency vehicle 1s present 1n the
vicinity of the controlled vehicle 101. In general, the vehicles
220 and 230 may be expected to change lanes 1n the order 1n
which they are reached by an emergency vehicle. In that
regard, the vehicle that 1s further behind the controlled vehicle
101 (e.g. the vehicle 220) may be expected to change lanes
first. Thus for example, if the vehicle 220 changes lanes
betore the vehicle 230, this may be considered to indicate the
presence of an emergency vehicle. However, 1f the vehicle
230 changes lanes first, this action, under some circum-
stances, may not be considered indicative of an emergency
vehicle being present in the vicinity of vehicle 230.

FIG. 3 depicts a schematic diagram of the controlled
vehicle 101 1n accordance with aspects of the disclosure. As
illustrated, controlled vehicle 101 includes vehicle systems
310a-f, a vehicle control unit 320, and sensors 330. The
vehicle systems 310a-f may include a braking system 310qa, a
steering system 3105, an acceleration system 310¢, a climate
control system 310d, an entertainment system 310e, and a
navigation system 310/. The above systems are provided only
as an example and thus the vehicle systems 310a-f may
include any type system that 1s capable of performing one or
more functions that are normally associated with vehicles,
such as braking, steering, playing the radio, rolling down the
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windows, turning on an air-conditioner, etc. Although the
vehicle systems 310a-f are depicted as separate blocks, 1n
some 1nstances they may share components (e.g., computer
hardware, mechanical hardware, software, etc.) or they may
be fully integrated with one another.

In one example, a vehicle system may include one or more
of a mechanical hardware components that are part of the
vehicle (e.g., rack and pinion, engine, brakes, steering motor,
suspension, steering pump, etc.) and/or software that 1s
executed by computer hardware and used to control aspects of
the operation of the mechanical hardware components. In
another example, a vehicle system may include one or more
clectronic components that are part of the controlled vehicle
101 (e.g., light bulb, music player, radio, air conditioner,
windshield wiper motor, steering pump, etc. ), and/or software
that 1s executed by computer hardware and used to control
aspects ol the operation of the electric or electronic compo-
nents. Furthermore, 1n yet another example, vehicle systems
may include logic implemented in hardware (e.g. an FPGA or
another controller) instead of software for controlling aspects
of the operation of mechanical or electric vehicle compo-
nents.

The vehicle control unit 320 may include a computing
system for controlling at least some aspects of the operation
of the controlled vehicle 101. Vehicle control umit 320 may
also be operatively connected to one or more of the vehicle
systems 310a-f and 1t may be operable to change the state of
any one of these systems. For example, the vehicle control
unit 320 may interact with the braking system, steering sys-
tem, and acceleration system, to steer, slow down, or accel-
crate the vehicle. Furthermore, as another example, the
vehicle control unit 320 may interact with: the climate control
system to change the temperature inside the passenger com-
partment 210, the entertainment system 310e to change the
station playing on the radio, or the vehicle navigation system
310/ to change a destination the vehicle 1s travelling to.

Sensors 330 may include one or more sensors, such as a
camera, a microphone, a laser scanner, a radar, or another
similar sensor. Information provided by the sensors 330 may
be processed by the vehicle control unit 320 and used to
identily one or more vehicles that share the road with the
controlled vehicle 101 as emergency vehicles. In some
instances, the sensors may be configured to monitor a portion
of the road on which the controlled vehicle 101 travelling. For
example, they may be configured to momitor only the portion
of the road that 1s behind the controlled vehicle 101 or the
portion of the road that 1s ahead of the controlled vehicle 101.

FIG. 4 depicts a schematic diagram of the vehicle control
unit 320 1n accordance with aspects of the disclosure. As
illustrated, the vehicle control unit 320 may 1nclude a proces-
sor 410 and memory 420. Memory 420 of vehicle control unit
320 may store information accessible by processor 410,
including executable code 440 that may be executed by the
processor 410. The memory also includes data 430 that may
be retrieved, manipulated or stored by the processor. The
memory may be of any type of tangible media capable of
storing information accessible by the processor, such as a
hard-drnive, memory card, ROM, RAM, DVD, CD-ROM,
write-capable, and read-only memories. The processor 410
may be any well-known processor, such as commercially
available processors. Alternatively, the processor may be a
dedicated controller such as an ASIC.

Data 430 may be retrieved, stored or modified by processor
410 1n accordance with the executable code 440. For instance,
although the system and method are not limited by any par-
ticular data structure, the data may be stored in computer
registers, 1n a relational database as a table having a plurality
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of different fields and records, or XML documents. The data
may also be formatted 1n any computer-readable format such
as, but not limited to, binary values, ASCII or Unicode. More-
over, the data may comprise any information sufficient to
identify the relevant information, such as numbers, descrip-
tive text, proprietary codes, pointers, references to data stored
in other memories (including other network locations) or
information that is used by a function to calculate the relevant
data.

Templates 432 may include representations of characteris-
tics of known emergency vehicles. In one example, the tem-
plate 432 may indicate one or more characteristics, such as
s1ze, color, or shape, of a known type of emergency vehicle.
For example, the template may include an 1image of the known
emergency vehicle, a histogram of the 1mage, a set of values
that describe a given property of an image of the known
emergency vehicle (e.g., eigenvector), a 3D model of the
known emergency vehicle’s shape generated by using a laser
scanner, or a set of vertices that describe the shape or part of
the shape of the known emergency vehicle. As another
example, the template may indicate a characteristic of color
or intensity of light produced by the known-emergency vehi-
cle’s strobe lights. As yet another example, the template 432
may 1ndicate the sound made the known emergency vehicle.
(e.g., indicate the sound made by an emergency vehicle’s
siren, engine, or another vehicle component.)

Trajectory(ies) 434 may include one or more data struc-
tures representing one or more trajectories of vehicles, such
as the vehicles 220 and 230 that are monitored by the vehicle
101. The data structures may be files, arrays, or any other type
of data structure. In one example, a trajectory 1s stored as a set
of location samples. Each sample may be taken at a different
time 1nstant. Each sampled location may be represented by an
X-coordinate and Y-Coordinate.

FIG. 5 depicts an example of a data structure 500 repre-
senting the trajectory 222 of FIG. 2B. In this example, the
time 1nstants are designated t1, 12, t3, etc. For example, time
instant t1, the sampled location 1s 1.5 m along the X-axis and
0 m along the Y-axis. In the example of FIG. §, the coordinate
system 1s defined by a Y-axis running in parallel to the left
curb of road (200) and the X-axis 1s normal to the Y-axis.

The data structure 500 provides only an example of how
vehicle trajectories (e.g., observed or generated) may be rep-
resented. In further examples, however, each of the vehicle
trajectories may be represented as a set of vectors, collection
of coordinates, a polynomial, or any other representation. The
trajectories may be part of course estimates, road models, and
other similar structures used by the vehicle control umit 320 1n
controlling the operation of the controlled vehicle 101. Fur-
thermore, although in this example locations of trajectory 222
are represented as coordinate pairs, 1n other examples they
may be represented as vectors, polynomials, or any other
form capable of identifying a location in the environment of
controlled vehicle 101. The present disclosure 1s not limited
to any specific type of location representations.

FIG. 6 depicts a flowchart of an example process 600 1n
accordance with one aspect of the disclosure. In this example,
at task 610, a vehicle sharing the road 200 with the controlled
vehicle 101 1s detected as an emergency vehicle by the vehicle
control unit 320. The vehicle 210 may be detected using a
laser scanner, radar, camera, or any other sensor typically
used by autonomous (or semi-autonomous vehicles) to detect
other vehicles 1n their surroundings.

Once the vehicle 210 1s detected, a determination 1s made
whether the vehicle 210 1s an emergency vehicle. In one
example, input from one or more of the sensors 330 may be
received by the vehicle control unit 320 and a template of the
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vehicle 210 may be generated based on the received sensor
input. The generated template of the vehicle 210 may be of the
same type as the template 432, such as a 3D template gener-
ated based on a signal from a laser scanner. The generated
template may then be compared, using standard pattern rec-
ognition techniques, to one or more templates of known emer-
gency vehicles, such as the template 432. If the template of the
vehicle 210 matches one or more of the templates of known
emergency vehicles, the vehicle 210 may be 1dentified as an
emergency vehicle.

At task 620, the vehicle control unit 320 detects the pres-
ence ol an emergency vehicle 1n the vicinity of the controlled
vehicle 101 based on the behavior of one or more vehicles that
share the road 200 with the vehicle 101. Task 620 1s discussed
turther with respect to FIGS. 7-9.

At task 630, the vehicle control unit 320 changes the state
of the vehicle 101 1n response to the detection of an emer-
gency vehicle at either one oftasks 610 and 620. Changing the
state of the vehicle 101 may include changing the state of any
one the vehicle systems 310a-f. For example, changing the
state may 1nclude turning down the stereo, turning on head-
lights, turning on emergency lights, or another similar action.

Alternatively or 1n addition to the atforementioned example
changes, changing the state of the vehicle may include chang-
ing at least one of the speed and direction of the vehicle 101.
For example, upon the detection of the emergency vehicle, the
vehicle control unit 320 may cause the vehicle 101 to pull
over to the side of the road, change lanes, slow down, or
perform another action that 1s customarily performed by driv-
ers when they encounter emergency road situations.

FI1G. 7 depicts a tlowchart of an example process 700 that
may be associated with task 620 of FIG. 6 or detecting the
presence of an emergency vehicle based on the behavior of
other vehicles that share the road 200 with the controlled
vehicle 101. Attask 710, the vehicle control unit 320 monaitors
the operation of the vehicle 220 and determines the trajectory
222 of the vehicle 220. At task 720, the vehicle control unit
monitors the operation of the vehicle 230 and determines the
trajectory 232 of the vehicle 230.

Attask 730, a first set of one or more actions performed by
the vehicle 220 1s determined. The actions may include,
accelerating the vehicle 220, changing lanes, decelerating the
vehicle 220, stopping, or pulling over in a road’s shoulder,
activating a blinker, or sounding a horn. In one aspect, the
determined first set may further indicate the order in which
the actions 1n the set have been performed by the vehicle 220.
In another aspect, the determined first set may identify a time
when each one of the actions 1n the set was performed by the
vehicle 220. In one aspect, the actions may be determined
based on the trajectories determined at task 230. In another
aspect, the actions may be determined using a camera 1n
combination with standard image recognition techniques. In
another example, the actions may be determined using a
microphone in combination with standard image recognition
techniques.

Attask 740, a second set of one or more actions performed
by the vehicle 230 1s determined. The second set may also
indicate the order 1n which actions have been performed by
the vehicle 230. Furthermore, the second set may indicate a
time when each one of the actions 1n the second set was
performed by the vehicle 230. The second set may be deter-
mined 1n the same manner as discussed with respect to the
first set.

At task 750, a determination 1s made whether the first
trajectory and the second trajectory match. If they are deter-
mined to match, a determination 1s made at task 770 that an
emergency vehicle 1s located in the vicinity of the controlled
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vehicle 101. If they are found not to match, the execution of
the process 700 1s terminated. Task 750 1s described in further
detail with respect to FIG. 8 below.

Attask 760, a determination 1s made whether the first set of
actions matches the second set. If they are determined to
match, a determination 1s made at task 770 that an emergency
vehicle 1s located 1n the vicinity of the controlled vehicle 101.
If they are found not to match, the execution of the process
700 1s terminated. In some instances, only one of tasks 750
and 760 may be performed when the process 700 1s executed.

FIG. 8 depicts a flowchart of an example process 800
associated with task 750 of FIG. 7 or determining whether
two trajectories, such as the trajectory 222 and the trajectory
232, match. At task 810, a rule for determining whether the
trajectories match 1s applied. In one aspect, the rule may
provide that two trajectories match if they have the same or
similar shape. For example, two trajectories may be deemed
to have the same or similar shape 1f they include the same
sequence of lane changes (e.g., lane 1—=lane 2, lane 2—lane
3, lane 3—lane 1). As another example, two trajectories may
be deemed to have the same or similar shape 11 they include
the same sequence of lane changes spaced at the same or
similar distance (e.g., lane 1—lane 2, lane 2—lane 3 (taking
place 50 meters after previous lane change), lane 3—lane 1
(taking place 100 meters after preceding lane change).

In another aspect, the rule may provide that the two trajec-
tories match 1f every lane change 1n a first trajectory, such as
trajectory 222, takes place within a predetermined distance
from a corresponding lane change in a second trajectory, such
as trajectory 232. As discussed with respect to FIG. 2B, the
lane change 1n the trajectory 222 takes place within 80 meters
from the lane change 1n the trajectory 232. If that distance 1s
less than a predetermined threshold distance, the two trajec-
tortes may be found to match by the rule. As noted above,
threshold may be calculated dynamically by the vehicle con-
trol unit 320 based on the distance between the vehicles 220
and 230.

In yet another aspect, a rule may provide that two trajec-
tories match if they identily the same type of action. For

instance, the trajectories of two vehicles, such as vehicles 220
and 230 of FIG. 2A, may be considered to match if they

indicate that both the vehicles 220 and 230 have pulled 1n the
shoulder of the road 200. In yvet another aspect, the rule may
provide that the trajectories of two vehicles match i1 they
indicate that both of the corresponding vehicles performed
the same type of action (e.g. lane change) within a predeter-
mined time interval. Similarly, 1 yet another aspect, two
trajectories may be considered to match 1f they indicate that
both of the corresponding vehicles have left the same lane
within a predetermined time period.

As discussed above, the performance of the same action by
many vehicles within a short time period may indicate the
presence of a common cause that prompted all the vehicles to
perform the same action. As noted above, this common cause
may be determined by vehicle 101 to be the approach of an
emergency vehicle.

FIG. 9 depicts a tlowchart of an example process 900 that
may be associated with task 760 of FIG. 7 or determiming
whether the first set of one or more actions performed by a
first vehicle matches the second set of one or more actions
performed by a second vehicle. At task 910, a rule 1s applied
to determine whether the two action sets match. In one aspect,
the rule may provide that the two sets match if they include the
same type of action (e.g., pulling 1n a road’s shoulder). In
another aspect, the rule may provide that the two sets match 1f
they include the same type of action (e.g., changing lanes),
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wherein both actions are performed 1n a predetermined tem-
poral proximity (e.g., during a time interval of predetermined
duration).

In another aspect, a rule may provide that the first set of one
or more actions performed by a first vehicle may match the
second set of one or more actions performed by a second
vehicle 11 both sets include the same relative sequence of
actions. For example, according to this rule, it both sets
include a first type of action (e.g. decelerate), followed by a
second type of action (lane change), followed by a third type
of action (switch on headlights), performed 1n that sequence,
the two sets may be determined by vehicle 101 to match. The
presence of intervening actions between the first, second, and
third type of actions may not afiect the application of the rule
because the rule concerns the actions’ relative sequence.

In yet another aspect, a rule may provide that the first set of
one or more actions performed by a first vehicle may match
the second set of one or more actions performed by a second
vehicle 11 both sets indicate that a particular type of action 1s
performed 1n a sequence that corresponds to a distance
between the first and second vehicles. For example, the rule
may provide that the two (or three) sets match, if a given
action 1s performed first by the vehicle that 1s the furthest
away from the controlled vehicle 101, and then by another
vehicle that 1s closer to the controlled vehicle 101, and by
another vehicle that 1s even closer to the vehicle 101. This rule
may be used to recognize emergency vehicles based on the
ripple the emergency vehicles might create 1n traflic as other
vehicles on the road move away from the vehicles” way in the
order 1n which they are reached.

FIGS. 6-9 are provided as examples only. At least some of
the tasks may be performed in a different order than repre-
sented, performed concurrently, or altogether omitted.
Although 1n the above examples the trajectories (or actions)
of only two vehicles (such as vehicles 220 and 230) are used
to detect an emergency vehicle, in other examples a greater
number of vehicles may be considered. It should be under-
stood that some or all of the tasks depicted 1n FIGS. 6-9 may
be performed by the processor 410 of the vehicle control unit
320 or the processor of another processor-based device.

As these and other variations and combinations of the
teatures discussed above can be utilized without departing
from the subject matter as defined by the claims, the forego-
ing description of exemplary aspects should be taken by way
of 1llustration rather than by way of limitation of the subject
matter as defined by the claims. It will also be understood that
the provision of the examples described herein (as well as
clauses phrased as “such as,” “e.g.”, “including” and the like)
should not be iterpreted as limiting the claimed subject
matter to the specific examples; rather, the examples are
intended to illustrate only some of many possible aspects.

The mvention claimed 1s:

1. A method comprising:

receiving, by one or more processors, sensor data corre-
sponding to objects on a roadway 1n a vehicle’s environ-
ment,

identifying, by the one or more processors, a set of objects
corresponding to one or more other vehicles from the
sensor data:

determining, by the one or more processors, from the sen-
sor data that each object of the set of objects pulled out
of a lane and slowed down;

based on the determination that each object of the set of
objects pulled out of a lane and slowed down, determin-
ing, by the one or more processors, that an emergency
vehicle 1s present on the roadway.
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2. The method of claim 1, further comprising;

determiming that each object of the set of pulled out of a

same lane, and

wherein determining that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane.
3. The method of claim 2, further comprising:
determining that each object of the set of pulled out of the
same lane and onto a shoulder of the roadway, and

wherein determining that an emergency vehicle 1s present
on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane and
onto the shoulder of the roadway.

4. The method of claim 2, further comprising;

determiming that each object of the set of pulled out of the

same lane and onto a different lane of the roadway from
the same lane, and

wherein determining that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane and
onto the different lane of the roadway.
5. The method of claim 2, wherein the vehicle 1s also 1n the
same lane.
6. The method of claim 2, wherein the vehicle 1s 1n a
different lane from the same lane.
7. The method of claim 2, further comprising;
determiming that each object of the set of objects pulled out
of the same lane within a given period of time, and

wherein determining that an emergency vehicle 1s present
on the roadway 1s further based on the determination that
cach object of the set of objects pulled out of the same
lane within the given period of time.

8. The method of claim 7, further comprising determining,
the given period of time based on a distance between two
objects of the set of objects.

9. The method of claim 1, wherein the objects 1n the set of
objects a 1in an order including a first object behind a second
object 1n the same lane, and the method further comprises:

determining that the first object has pulled out of the same

lane betfore the second object has pulled out of the same
lane, and

wherein determining that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
the first object has pulled out of the same lane before the
second object has pulled out of the same lane.

10. The method of claim 1, wherein the set of objects
includes at least two objects.

11. A system comprising one or more processors config-
ured to:

recerve sensor data corresponding to objects on a roadway

in a vehicle’s environment;

identity a set of objects corresponding to one or more other

vehicles from the sensor data;

determine from the sensor data that each object of the set of

objects pulled out of a lane and slowed down;

based on the determination that each object of the set of

objects pulled out of a lane and slowed down, determine
that an emergency vehicle 1s present on the roadway.

12. The system of claim 11, wherein the one or more
processors are further configured to:

determine that each object of the set of pulled out of a same

lane, and

wherein determining that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane.

13. The system of claim 12, wherein the one or more
processors are further configured to:
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determine that each object of the set of pulled out of the
same lane and onto a shoulder of the roadway, and

wherein determining that an emergency vehicle 1s present
on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane and
onto the shoulder of the roadway.

14. The system of claim 12, wherein the one or more
processors are further configured to:

determine that each object of the set of pulled out of the

same lane and onto a different lane of the roadway from
the same lane, and

wherein determiming that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
cach object of the set of pulled out of the same lane and
onto the different lane of the roadway.

15. The system of claim 12, further comprising the vehicle
and wherein the vehicle 1s also 1n the same lane.

16. The system of claim 12, further comprising the vehicle
and wherein the vehicle 1s in a different lane from the same
lane.

17. The system of claim 12, wherein the objects 1n the set
of objects a 1n an order including a first object behind a second
object 1in the same lane, and the one or more processors are
turther configured to:

determine that the first object has pulled out of the same

lane before the second object has pulled out of the same
lane, and

wherein determiming that an emergency vehicle 1s present

on the roadway 1s further based on the determination that
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the first object has pulled out of the same lane before the
second object has pulled out of the same lane.
18. The system of claim 12, wherein the one or more
processors are further configured to:
determine that each object of the set of objects pulled out of
the same lane within a given period of time, and

wherein determining that an emergency vehicle 1s present
on the roadway 1s further based on the determination that
cach object of the set of objects pulled out of the same
lane within the given period of time.

19. The system of claim 18, further comprising determin-
ing the given period of time based on a distance between two
objects of the set of objects.

20. A non-transitory, tangible computer-readable medium
on which instructions are stored, the instructions when
executed by one or more processors cause the one or more
processors to perform a method, the method comprising:

recerving sensor data corresponding to objects on a road-

way 1n a vehicle’s environment;

identifying a set of objects corresponding to one or more

other vehicles from the sensor data;

determining from the sensor data that each object of the set
of objects pulled out of a lane and slowed down;

based on the determination that each object of the set of
objects pulled out of a lane and slowed down, determin-
ing that an emergency vehicle i1s present on the roadway.
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